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ORGANIC ELECTROLUMINESCENT DEVICE, MANUFACTURING 
METHOD THEREFOR, AND ELECTRONIC DEVICES THEREWITH 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[ 0001 ] The present invention relates to an organic electroluminescent 
(hereinafter abbreviated as “EL”) device and to a fabrication method therefor. 

[0002] This is a Continuation of Application No. 09/991,984 filed 
November 26, 2001 . The entire disclosure of the prior application is hereby 
incorporated by reference herein in its entirety. 

2. Description of the Related Art 

[ 0003 ] In recent years, development has accelerated with regard to luminous 
elements that use organic substances as a self-luminous display device. This type of 
self-luminous display device may supplant conventional liquid crystal display 
devices. EL elements that use an organic substance as a luminous material can 
mainly be manufactured by forming a membrane using vapor deposition of an organic 
EL material (a luminous material) with low molecular weight, as disclosed beginning 
on page 913 of Appl. Phys. Lett. 51 (12), September 21, 1987, and by coating an 
organic EL material with high molecular weight, as disclosed beginning on page 37 of 
Appl. Phys. Lett. 71 (1), July 7, 1997. 

[ 0004 ] For colorization in the case of a low molecular weight material, 
respective membranes are formed with various luminous materials which are vapor- 
deposited on respective pixels through covering masks. On the other hand, in the case 
of a high molecular weight material, it has been notable to realize colorization by a 
fine patterning using an ink-jet method. Fabrication methods of EL elements using 
an ink-jet method are disclosed in JP-H7-235378A1, JP-H10-12377A1, JP-H10- 
153967A1, JP-H1 1-40358 Al, JP-H1 1-54270A1, JP-H1 1-339957A1, and US- 
6,087, 196B1. 

SUMMARY OF THE INVENTION 

[0005] A super fine patterning of an EL material can be realized by an ink-jet 
method because it is possible to eject droplets having a diameter of a few micrometers in 
a high resolution manner and to form a coating therewith. On the other hand, the minute 
droplets coated on a substrate tend to dry in an extremely short period, and they dry even 
faster at edge portions (e.g., upper edge, lower edge, right edge, and left edge) of the 
coated area on the substrate where the partial pressure of the vapor from the minute 




droplets coated on a pixel area is relatively low. In addition, in the case in which the EL 
elements are to be actively driven by TFT (thin-fxlm transistor) elements in use, pixels 
may not be allowed to be evenly disposed in both X and Y directions due to the TFT 
elements and the shape and disposition of electric wires, and the partial pressure of the 
vapor may vary locally around the droplet coated on each of the pixels. The time 
difference in the drying period for the liquid organic material coated on the pixels thus 
produced may cause uneven thickness of the organic membrane within a pixel or among 
a plurality of pixels. The uneven thickness of the membrane, in turn, may cause uneven 
displaying performance, such as uneven luminance, uneven chrominance, etc. 

[0006] Based on the above description, an object of the present invention is to 
provide an enhanced fabrication method for an organic EL device that includes ejecting 
and coating an organic EL material on electrodes to form an organic EL layer, with 
which uniform physical conditions and drying period for the liquid EL material coated 
on a pixel area can be realized, and a uniform organic EL device without uneven 
luminance and uneven chrominance within a pixel or among a plurality of pixels in an 
effectively optical area can be obtained. It is also an object of the invention to provide 
such an organic EL device manufactured in accordance with the above method. 

[0007] The present invention provides a method for manufacturing an organic 
EL device by coating a composition including an organic EL material above a plurality 
of electrodes to form an organic EL layer above each of the electrodes. The method 
includes: defining an effectively optical area in which the plurality of electrodes are 
formed; and defining a coating area being broader than the effectively optical area, in 
which the composition including an organic 'EL material is to be coated. 

[0008] According to the above fabrication method, uniform physical conditions 
near the liquid EL material coated on the effectively optical area and uniform drying 
period for the EL material can be realized in the effectively optical area, and 
consequently a uniform thickness of the layer within a pixel or among a plurality of 
pixels can be obtained. An organic EL layer herein referred to includes a variety of 
layers contributing to a luminous effect, such as a hole-injection layer, a luminous layer, 
and an electron- injection layer. An effectively optical area herein refers to an area for 
the display pixels when the organic EL device is a display device, and refers to an area 
contributing to lighting when the organic EL device is a lighting equipment. 
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[0009] In a method for manufacturing an organic EL device according to the 
present invention, the coating area preferably includes the perimeter of the effectively 
optical area. 

[0010] According to this method, the drying period for droplets on the pixels 
located near edges of the effectively optical area being much shorter than that for 
droplets on the pixels located inside the effectively optical area is avoided. Thus, a 
uniform thickness of the layer among a plurality of effectively optical pixels can be 
obtained. 

[0011] In another method for manufacturing an organic EL device according to 
the present invention, the coating area located along the perimeter of the effectively 
optical area is preferably a dummy area in which the organic EL material solution is also 
coated to form an organic EL membrane layer. 

[0012] Preferably, the method further includes: forming a layer that is made of 
the same material as that of the electrodes in the dummy area; and coating the 
composition including an organic EL material on the layer. 

[0013] According to the above method, uniform physical conditions near the 
liquid EL material coated on the pixels can be realized even for the pixels located near 
the edges of the effectively optical area, and the drying period for droplets on the pixels 
located near the edges of the effectively optical area being much shorter than that for 
droplets on the pixels located inside the effectively optical area is avoided. Thus, a 
uniform thickness of the EL membrane layer among a plurality of pixels can be 
obtained. 

[0014] Another method for manufacturing an organic EL device according to 
the present invention preferably includes: providing a group of effectively optical areas 
formed of a plurality of the effectively optical areas on a substrate; and defining dummy 
areas around the effectively optical areas, respectively, and another dummy area 
encompassing the group of effectively optical areas. 

[0015] A dummy area herein refers to an area relating to neither display nor 
lighting. Therefore, the organic EL layer formed in a dummy area does not have to be 
illuminable, but may be slightly illuminable as long as this does not interfere with either 
display or lighting. 

[0016] According to the above method, uniform physical conditions near the 
liquid EL material coated on the pixels located near the edges of the effectively optical 
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area can be realized like for other pixels, and the drying period for droplets on the pixels 
located near the edges of the effectively optical area being much shorter than that for 
droplets on the pixels located inside the effectively optical area is avoided. Thus, a 
uniform thickness of the EL membrane layer among a plurality of pixels can be 
obtained, even when a plurality of the effectively optical areas are formed on a substrate, 
each of which is separated from others, in the final manufacturing process, to fabricate a 
plurality of EL devices. In this way, a plurality of EL devices without uneven luminance 
and uneven chrominance within a pixel or among a plurality of pixels can be 
manufactured from a substrate at one time. 

[0017] In another method for manufacturing an organic EL device according to 
the present invention, a process of coating of the composition including an organic EL 
material is preferably started at the dummy area prior to coating on the effectively 
optical area and ends at the dummy area after coating on the effectively optical area. 

[0018] According to this method, since the process of coating of the organic 
EL material solution is started at the dummy area and ends at the dummy area, the 
coating for effectively optical areas in between can be performed in a stable condition. 

[0019] In another method for manufacturing an organic EL device according to 
the present invention, individual areas to be coated in the entirety of the coating area are 
preferably disposed with a constant pitch to each other. 

[0020] According to this method, uniform physical conditions near the liquid 
EL material coated on the effectively optical area and uniform drying period for the EL 
material can be realized in the effectively optical area. Consequently, a uniform 
thickness of the EL membrane layer within a pixel or among a plurality of pixels can be 
obtained. 

[0021] In another method for manufacturing an organic EL device according to 
the present invention, any one of the electrodes is disposed relative to adjacent ones of 
the electrodes at a constant pitch. According to this method, uniform physical conditions 
near the liquid EL material coated on the effectively optical area and uniform drying 
period for the EL material can be realized in the effectively optical area. Consequently, a 
uniform thickness of the EL membrane layer within a pixel or among a plurality of 
pixels can be obtained. 

[0022] The present invention provides a method for manufacturing an organic 
EL device which includes an effectively optical area having a plurality of electrodes and 
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an organic EL layer formed above each of the electrodes. The method includes: forming 
the organic EL layer both on areas to be the effectively optical area and on other areas 
not to be the effectively optical area. 

[0023] The present invention provides another method for manufacturing an 
organic EL device which includes an effectively optical area having a plurality of 
electrodes and an organic EL layer formed above each of the electrodes. The method 
includes: further forming the organic EL layer in areas not having the electrodes and 
which are supposed to be the effectively optical area. 

[0024] The present invention also provides an organic EL device that is 
manufactured by one of the above methods. With such an organic EL device, uniform 
display performance without uneven luminance and uneven chrominance within a pixel 
or among a plurality of pixels is achieved. 

[0025] An organic EL device according to the present invention preferably 
includes: a plurality of electrodes and an organic EL layer formed above each of the 
electrodes; an effectively optical area in which the electrodes are formed; and a dummy 
area disposed around the effectively optical area, in which the electrodes are also 
formed. 

[0026] Preferably, an organic EL device according to the present invention 
further includes a bank layer disposed between the electrodes. The organic EL layer in 
the dummy area is disposed on a layer made of the same material as that of the bank 
layer. 

[0027] In an organic EL device according to the present invention, the bank 
layer preferably includes am organic bank layer and an inorganic bank layer, and the 
organic EL layer in the dummy area is disposed on a layer made of the same material as 
that of the inorganic bank layer. 

[0028] In an organic EL device, the bank layer is preferably disposed laterally 
between portions of the organic EL layer in the dummy area. 

[0029] In an organic EL device according the present invention, the organic EL 
layer in the dummy area is preferably disposed on a layer made of the same material as 
that of the organic bank layer. 

[0030] In an organic EL device of the present invention, the organic EL layer 
in the dummy area is preferably disposed on a layer made of the same material as that of 
the electrodes. 
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[0031] In an organic EL device of the present invention, the bank layer is 
preferably formed laterally between portions of the organic EL layer in the dummy area. 

[0032] In an organic EL device of the present invention, adjacent potions of the 
organic EL layer are preferably disposed at a constant pitch in both the effectively 
optical area and the dummy area. 

[0033] In an organic EL device according to the present invention, both the 
effectively optical area and the dummy area are preferably provided on a substrate, and 
portions in the effectively optical area on the substrate have substantially the same cross- 
sectional structure as that of portions in the dummy area on the substrate. 

[0034] An organic EL device according to the present invention includes an 
effectively optical area having a plurality of electrodes and an organic EL layer formed 
on each of the electrodes, and the organic EL layer is formed both on areas supposed to 
be the effectively optical area and on other areas not supposed to be the effectively 
optical area. 

[0035] An organic EL device according to the present invention includes an 
effectively optical area having a plurality of electrodes and an organic EL layer formed 
above each of the electrodes, and the organic EL layer is also formed in areas not having 
the electrodes and which are supposed to be the effectively optical area. 

[0036] The present invention further provides an electronic device including 
such an organic EL device as described above. With such an electronic device, a 
uniform displaying performance without uneven luminance and uneven chrominance 
within a pixel or among a plurality of pixels is achieved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] FIG. 1 is a cross-sectional view showing an example of a fabrication 
method for an organic EL device using an ink-jet method; 

FIGS. 2 A to 2C are cross-sectional views showing an example of a fabrication 
method for an organic EL device using an ink-jet method relating to the present 
invention; 

FIGS. 3 A to 3D are cross-sectional views illustrating the first embodiment of the 
present invention for manufacturing an organic EL device; 

FIGS. 4 A and 4B are cross-sectional views illustrating the second embodiment of 
the present invention for manufacturing an organic EL device; 
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FIGS. 5Ato 5D are cross-sectional views illustrating the third embodiment of the 
present invention for manufacturing an organic EL device; 

FIGS. 6 A to 6D are cross-sectional views illustrating the fourth embodiment of 
the present invention for manufacturing an organic EL device; 

FIGS. 7Ato 7D are cross-sectional views illustrating the fifth embodiment of the 
present invention for manufacturing an organic EL device; 

FIGS. 8A to 8C are schematics illustrating the sixth embodiment of the present 
invention for manufacturing an organic EL device; 

FIGS. 9A to 9C are schematics illustrating the seventh embodiment of the 
present invention for manufacturing an organic EL device; 

FIGS. 10A and 10B are schematics showing the eighth embodiment of the 
present invention for manufacturing an organic EL device; FIG. 1 0 A is a plan view of a 
substrate before a hole-injection layer is formed, and FIG. 10B is a partial cross-sectional 
view taken along plane M-M’ in FIG. 10 A; 

FIGS. 11 A and 1 IB are cross-sectional views illustrating the eighth embodiment 
of the present invention for manufacturing an organic EL device; 

FIG. 12 is a plan view of a substrate before a hole-injection layer is formed, 
illustrating the ninth embodiment of the present invention for manufacturing an organic 
EL device; 

FIGS. 13 A and 13B are schematic plan views showing the traced path of an ink- 
jet head, and illustrate the ninth embodiment of the present invention for manufacturing 
an organic EL device; 

FIG 14 is a plan view showing another method for manufacturing an organic EL 
device similar to that in the ninth embodiment; 

FIGS. 15A to 15C are perspective views of electronic devices according to the 
tenth embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0038] The preferred embodiments of the present invention will now be 
explained with reference to the drawings, wherein organic EL devices are specifically 
formed as display devices. 

[0039] In a fabrication method for an EL device using an ink-jet method, a 
hole-injection / transportation layer and a luminous material layer are formed by ejecting 
a composite ink, produced by dissolving or dispersing a hole-injection layer material and 
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a luminous material of pixel -forming organic substances in a solvent, from an ink-jet 
head, to coat the composite ink in a pattern on transparent electrodes. In order to 
accurately dispose the ejected ink droplets on predetermined areas of pixels, a 
partitioning wall (hereinafter referred to as a “bank”) is typically provided to partition 
the areas of pixels. 

[0040] FIG. 1 is a cross-sectional view showing an example of a substrate 
structure that is included in a method for manufacturing an organic EL device using an 
ink-jet method. A circuit element portion 11 ’ having thin-film transistors (TFTs) 1 1 is 
formed on a glass substrate 10, and transparent electrodes 12 made of ITO (Indium Tin 
Oxide) are formed in a pattern on the circuit element portion 11’. In addition, Si02 
banks 13 and organic banks 14 including an ink-repelling organic substance or an 
organic substance made to be ink-repelling are laminated on the sections that separate 
the transparent electrodes 12 to each other. The shape of apertures defined by the banks 
may be, for example, circular, oval, or quadrangular; however, in the case of the 
quadrangular shape, the comers thereof preferably have a certain curvature since the 
composite ink inherently has a surface tension. The material of the organic banks 1 4 
may be selected from any materials that provide excellent heat resistance, liquid- 
repellency, resistance ink solvents, and adhering capability to a base substrate. The 
material for the organic banks 1 4 is not necessarily an inherently liquid-repelling 
material, such as fluororesin. For example, it may also be a patterned organic resin, such 
as acrylic resin, polyimide resin, or the like, as is normally used, whose surface is made 
liquid-repelling by CF4 plasma treatment or the like. Although the banks need not be 
formed by laminating inorganic substances and organic substances, SiC>2 banks 1 3 are 
preferably provided in order to enhance adherence to the transparent electrodes 12 when 
the transparent electrodes 12 are, for example, made of ITO. A height of approximately 
1 to 2 micrometers for the organic banks 14 is sufficient. 

[0041] An example of a fabrication method for an EL device that uses an ink- 
jet method will be explained below with reference to FIGS. 2 A to 2C showing each step 
of the fabrication process. 

[0042] As shown in FIG. 2A, a solution including an organic EL material 
(composite ink) is coated in a pattern on a substrate for pixels using an ink-jet method to 
form an organic EL membrane. Composite ink 15 of an organic EL material is ejected 
from an ink-jet head 16 and is deposited in a predetermined pattern as shown in FIG 2B. 




After coating, the solvent in the composite ink is removed by a vacuum treatment and/or 
heat treatment or flow of nitrogen gas or the like to form organic EL membrane layers 
17, as shown in FIG. 2C. The organic EL membrane layers 17 are laminated membranes 
including, for example, a hole- injection layer and a luminous layer. 

[0043] In this process, the solvent of the composite ink dries more quickly on 
the display pixels located near the edges of the effectively optical area, i.e., an area in 
which pixels relating to display are formed, than on the pixels inside the area since ink 
droplets are not coated around the pixels located near the edges of the area and the 
partial pressure of the vapor from the ink solvent is lower above the display pixels 
located near the edges of the area than on the pixels inside the area, which may cause 
thickness variations in the membranes among the display pixels, as shown FIG. 2C. 

[0044] In order to uniformly dry droplets coated on each of the pixels, the 
physical conditions of respective droplets coated on the effectively optical area are 
preferably set to be uniform by ejecting and depositing the composite ink around the 
effectively optical area as well. More preferably, the organic material is coated by an 
ink-jet method over an area that is broader than the effectively optical area, whereby a 
dummy area, i.e., an area in which dummy pixels not relating to display are formed, 
including the same bank structure as display pixels, is defined around the effectively 
optical area so as to provide physical conditions which are as uniform as possible for 
each of the display pixels. 

[0045] Individual areas to be coated in the effectively optical area are 
preferably disposed at a constant pitch to each other in order to provide as uniform a 
drying period for the composite ink as possible among the pixels in the effectively 
optical area. For this purpose, the pixels are preferably disposed at a constant pitch to 
each other as well. In the case in which the pitch of the pixels in the X direction is 
different from that in the Y direction due to disposition of TFTs and bonding wires, ink 
droplets are preferably ejected in the area between the pixels disposed at a wider pitch so 
that individual areas to be coated in the entirety of the area for the display pixels are 
disposed at a constant pitch from each other. More preferably, dummy pixels 
comprising the same bank structure as the display pixels are formed in the area between 
the pixels disposed at a wider pitch. The shape of the pixels is not limited to a 
rotationally symmetric shape, such as a circle or a square. For example, it may also be a 
rectangle, an oval, or an ellipse. When the pixels having the shape of a rectangle or an 




oval are disposed at different pitches in the X direction and in the Y direction, a similar 
effect can be obtained by providing further areas to be coated in the area between the 
pixels disposed at a wider pitch so that the areas to be coated are evenly disposed, 
although each of the additional areas to be coated is differently shaped from the display 
pixels. 

[0046] The present invention can not only be applied to a display of an organic 
EL device, but also to luminous devices and lighting equipment using organic EL 
elements as a light source, for example. 

[0047] Although the present invention will be more specifically explained 
below with reference to several embodiments, the invention is not limited to these 
specific embodiments. 

First Embodiment 

[0048] The substrate used in the first embodiment is a 2-inch TFT substrate in 
which circular pixels having diameters of 30 pm are disposed at a pitch of 70.5 pm in 
both X and Y directions. This TFT substrate includes a glass substrate 25 and a circuit 
element portion 26’ having TFTs 26 formed on the glass substrate. FIG. 3 A is a partial 
cross-sectional view (along the X direction) of the right edge portion of the TFT 
substrate. Transparent electrodes 27 made of ITO are formed on the circuit element 
portion 26’ and banks including two layers including SiC >2 banks 28 and polyimide 
banks 29 are constructed on the circuit element portion 26’ so as to divide the transparent 
electrodes 27. The SiC >2 banks 28 are manufactured in a pattern by photo-etching after 
forming a 1 50 nm thick TEOS (tetraethylorthosilicate) layer by CVD (Chemical Vapor 
Deposition). The polyimide banks 29, which are 2 pm thick, are formed on the SiC >2 
banks 28 through the steps of coating a photosensitive polyimide on the SiC >2 banks 28, 
exposure, and development. The material used to form the banks may be a non- 
photosensitive substance. 

[0049] In FIGS. 3 A to 3D, the area in which the transparent electrodes 27 are 
formed is an effectively optical area A and the area in which the transparent electrodes 
27 are not divided by the SiC >2 banks 28, and the polyimide banks 29 is a dummy area B. 

[0050] The polyimide banks 29 are made ink-repelling by atmospheric plasma 
treatment before applying ink using an ink-jet method. The atmospheric plasma 
treatment that is performed under conditions comprising atmospheric pressure, a power 
of 300 W, and 1 mm gap between the electrodes and the substrate includes an oxygen 
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plasma treatment that is performed under conditions comprising an oxygen gas flow rate 
of 100 ml/m, a helium gas flow rate of 10 1/m, and a table speed of 10 mm/s and a 
consequent CF4 plasma treatment that is performed under conditions comprising a CF 4 
gas flow rate of 100 ml/m, a helium gas flow rate of 10 1/m, and a reciprocating table 
speed of 3 mm/s. 

[0051] Composite ink 30, including Baytron™ supplied by Bayer AG as a 
hole-injection layer material which is dispersed by a polar solvent including isopropyl 
alcohol, N-methylpyrolidone, and l,3-dimethyl-2-imidazolidinone, is ejected from an 
ink-jet head (e.g., model MJ-930C made by Seiko Epson Corporation) to coat at a pitch 
of 70.5 pm in both the X and Y directions. In this coating process, another 30 rows of 
ejection at the same pitch in both lateral and longitudinal directions around the display 
pixels is performed. FIG 3B is a partial cross-sectional view of the right edge portion of 
the substrate after the composite ink 30 of the hole-injection layer material is coated in a 
pattern. While the composite ink 30 of the hole-injection layer material is coated on the 
transparent electrodes 27 in the effectively optical area A, the composite ink 30 of the 
hole-injection layer material is coated on the polyimide banks 29 in the dummy area B. 

[ 0052 ] Consequently, the solvent is removed by a treatment at room 
temperature in a vacuum (1 Torr (133.3 Pa)) for 20 minutes, and then a hole-injection 
layer 3 1 is formed, as shown in FIG. 3C, by heat treatment at 200°C (on a hot plate) in 
nitrogen gas for 20 minutes. The hole-injection layer 3 1 having a uniform thickness can 
thus be manufactured in the effectively optical area A. 

[ 0053 ] In the next process, three kinds of composite inks, i.e., a composite ink 
32 for a red luminous layer, a composite ink 33 for a green luminous layer, and a 
composite ink 34 for a blue luminous layer, are prepared using polyfluorene materials to 
form luminous layers emitting red, green, and blue light, respectively. 
Cyclohexylbenzene is used as the ink solvent. As shown in FIG. 3C, the composite inks 
32, 33, and 34 are coated in a pattern by ejecting from the ink-jet head at a pitch of 21 1 .5 
pm in the X direction and at a pitch of 70.5 pm in the Y direction. In this coating 
process, another 21 rows of ejection at the same pitch in both lateral and longitudinal 
directions in the dummy area B is performed. 

[ 0054 ] Then, luminous layers 35, 36, and 37 are formed by heat treatment at 
80°C on a hot plate in nitrogen gas for 5 minutes. The luminous layers 35, 36, and 37, 
having a uniform thickness, can thus be formed in the effectively optical area A. 
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[0055] After forming the luminous layers, a LiF layer 2 nm thick, a Ca layer 20 
nm thick, and an A1 layer 200 nm thick are respectively laminated by a heated vapor 
deposition in a vacuum so as to form a cathode 38, and finally, a layer of epoxy resin 39 
is formed to perform sealing, as shown in FIG. 3D. 

[0056] An organic EL device without uneven luminance and uneven 
chrominance in the area for the display pixels can thus be manufactured. 

Second Embodiment 

[0057] In the second embodiment shown in FIGS. 4 A and 4B, a TFT substrate 
in which a dummy area B is disposed around an effectively optical area A is used, as in 
the first embodiment. This TFT substrate includes a glass substrate 25 and a circuit 
element portion 26’ having TFTs 26 formed on the glass substrate. Transparent 
electrodes 27 made of ITO are formed on the circuit element portion 26’ and banks 
including two layers including SiC >2 banks 28 and polyimide banks 29 are constructed on 
the circuit layer 26’ so as to divide the transparent electrodes 27. Thus, display pixels 42 
are formed in the effectively optical area A. 

[0058] A Si02 membrane 28’ extending from the SiC >2 banks is formed in the 
dummy area B. The dummy pixels 43 having the same shape as that of the display 
pixels 42 and disposed at the same pitch as that at which the display pixels 42 are 
disposed are defined by polyimide banks 40. FIG. 4A is a partial cross-sectional view of 
the right edge portion of the substrate. 

[0059] The same composite ink 41 for the hole- injection layer as in the first 
embodiment is coated in a pattern on both the display pixels 42 and the dummy pixels 43 
at a pitch of 70.5 pm, as shown in FIG. 4B. The hole-injection layers of the display 
pixels 42 have a uniform thickness upon completion through the steps of drying and heat 
treatment as in the first embodiment. 

[0060] In the next process, composite inks for luminous layers including 
polyfluorene materials are coated in a pattern on the display pixels 42 and the dummy 
pixels 43 as in the first embodiment, the luminous layers have a uniform thickness 
within the display pixels 42 upon completion after drying. The organic EL device has 
neither uneven luminance nor uneven chrominance in the effectively optical area A 
including the display pixels 42 upon completion through the steps of cathode forming 
and sealing. 




Third Embodiment 

[0061] In the third embodiment shown in FIGS. 5 A to 5D, a TFT substrate in 
which a dummy area B is disposed around an effectively optical area A, is used, as in the 
first embodiment. This TFT substrate includes a glass substrate 25 and a circuit element 
portion 26’ having TFTs 26 formed on the glass substrate, as shown in FIG. 5 A. 
Transparent electrodes 27 made of ITO are formed on the circuit element portion 26’ and 
banks including two layers including SiCb banks 28 and polyimide banks 29 are 
constructed on the circuit element portion 26’ so as to divide the transparent electrodes 
27. Thus, display pixels 42 are formed in the effectively optical area A. 

[0062] On the circuit element portion 26’ in the dummy area B, dummy pixels 
44 having the same shape and disposed at the same pitch as the display pixels 42 are 
only defined by polyimide banks 29. FIG. 5 A is a partial cross-sectional view of the 
right edge portion of the substrate. 

[0063] The polyimide banks 29 are made to be ink-repelling by atmospheric 
pressure plasma treatment, as in the first embodiment. 

[0064] As shown in FIG. 5B, composite ink 30 including the hole-injection 
layer material is coated in a pattern on the display pixels 42 and the dummy pixels 43 at 
a pitch of 70.5 pm, as in the first embodiment. While the composite ink 30 of the hole- 
injection layer material is coated on the transparent electrodes 27 in the effectively 
optical area A, the composite ink 30 of the hole-injection layer material is coated on the 
circuit element portion 26’ in the dummy area B. 

[0065] Consequently, the solvent is removed by a treatment at room 
temperature in a vacuum (1 Torr (133.3Pa)) for 20 minutes, and then a hole-injection 
layer 3 1 is formed, as shown in FIG. 5C, by heat treatment at 200°C (on a hot plate) in 
nitrogen gas for 10 minutes. The hole-injection layer 31 having a uniform thickness can 
thus be manufactured in the effectively optical area A. 

[0066] In the next process, three kinds of composite ink, i.e., a composite ink 
32 for a red luminous layer, a composite ink 33 for a green luminous layer, and a 
composite ink 34 for a blue luminous layer, are prepared, and the composite inks 32, 33, 
and 34 are coated in a pattern by ejecting from an ink-jet head at a pitch of 2 1 1 .5 pm in 
the X direction and at a pitch of 70.5 pm in the Y direction, respectively, as shown in 
FIG. 5C. In this coating process, another 21 rows of ejection at the same pitch in both 
lateral and longitudinal directions in the dummy area B is preferably performed. 




14 



[ 0067 ] Then, luminous layers 35, 36, and 37 are formed by heat treatment at 
80°C on a hot plate in nitrogen gas for 5 minutes. The luminous layers 35, 36, and 37 
having a uniform thickness can thus be formed in the effectively optical area A. 

[ 0068 ] . After forming the luminous layers, a LiF layer 2 nm thick, a Ca layer 20 
nm thick, and an A1 layer 200 nm thick are respectively laminated by a heated vapor 
deposition in a vacuum so as to form a cathode 38, and finally, a layer of epoxy resin 39 
is formed to provide sealing, as shown in FIG. 5D. 

[0069] An organic EL device without uneven luminance and uneven 
chrominance in the effectively optical area A can thus be manufactured. 

Fourth Embodiment 

[ 0070 ] In the fourth embodiment shown in FIGS. 6 A to 6D, a TFT substrate in 
which a dummy area B is disposed around an effectively optical area A is used, as in the 
first embodiment. This TFT substrate includes a glass substrate 25 and a circuit element 
portion 26’ having TFTs 26 formed on the glass substrate, as shown in FIG. 6A. 
Transparent electrodes 27 made of ITO are formed on the circuit element portion 26’ and 
banks including two layers including Si0 2 banks 28 and polyimide banks 29 are 
constructed on the circuit element portion 26’ so as to divide the transparent electrodes 
27. Thus, display pixels 42 are formed in the effectively optical area A. 

[ 0071 ] On the circuit element portion 26’ in the dummy area B, dummy pixels 
45 having the same shape and disposed at the same pitch as the display pixels 42 are 
formed by laminating the Si0 2 banks 28 and the polyimide banks 29. FIG. 6A is a 
partial cross-sectional view of the right edge portion of the substrate. 

[ 0072 ] Then, as in the first embodiment, the polyimide banks 29 are made to 
be ink-repelling by atmospheric pressure plasma treatment and composite ink 30 
including the hole-injection layer material is coated in a pattern on the display pixels 42 
and the dummy pixels 45, as shown in FIG. 6B. While the composite ink 30 of the hole- 
injection layer material is coated on the transparent electrodes 27 in the effectively 
optical area A, the composite ink 30 of the hole-injection layer material is coated on the 
circuit element portion 26’ in the dummy area B. 

[ 0073 ] Consequently, the solvent is removed under the same condition as in the 
first embodiment, and then a hole-injection layer 31 is formed, as shown in FIG. 6C, by 
heat treatment under the same conditions as in the first embodiment. The hole-injection 
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layer 3 1 having a uniform thickness can thus be manufactured in the effectively optical 
area A. 

[0074] In the next process, a composite ink 32 for a red luminous layer, a 
composite ink 33 for a green luminous layer, and a composite ink 34 for a blue luminous 
layer are prepared and each of the composite inks 32, 33, and 34 is coated in a pattern by 
ejecting from an ink-jet, as shown in FIG. 6C. In this coating process, another 21 rows 
of ejection at the same pitch in both lateral and longitudinal directions in the dummy 
area B is performed. 

[0075] Then, luminous layers 35, 36, and 37 are formed by heat treatment at 
80°C on a hot plate in nitrogen gas for 5 minutes. The luminous layers 35, 36, and 37 
having a uniform thickness can thus be formed in the effectively optical area A. 

[0076] After forming the luminous layers, a LiF layer 2 nm thick, a Ca layer 20 
nm thick, and an Al layer 200 nm thick are respectively laminated by heated vapor 
deposition in a vacuum so as to form a cathode 38, and finally, a layer of epoxy resin 39 
is formed to provide sealing, as shown in FIG 6D. 

[0077] An organic EL device without uneven luminance and uneven 
chrominance in the effectively optical area A can thus be manufactured. 

Fifth Embodiment 

[0078] In the fifth embodiment shown in FIGS. 7A to 7D, a TFT substrate in 
which a dummy area B is disposed around an effectively optical area A is used, as in the 
first embodiment. This TFT substrate includes a glass substrate 25 and a circuit element 
portion 26’ having TFTs 26 formed on the glass substrate, as shown in FIG. 7A. 
Transparent electrodes 27 made of ITO are formed on the circuit element portion 26’ and 
banks including two layers including SiC >2 banks 28 and polyimide banks 29 are 
constructed on the circuit element portion 26’ so as to divide the transparent electrodes 
27. Thus, display pixels 42 are formed in the effectively optical area A. 

[0079] On the circuit element portion 26’ in the dummy area B, dummy pixels 
46 having the same shape and disposed at the same pitch as the display pixels 42 are 
formed by laminating the Si02 banks 28 and the polyimide banks 29. The TFTs 26 are 
not provided in the circuit element portion 26’ in the dummy area B. FIG. 7 A is partial 
cross-sectional view of the right edge portion of the substrate. 

[0080] Then, as in the first embodiment, the polyimide banks 29 are made to 
be ink-repelling by atmospheric pressure plasma treatment and composite ink 30 




including the hole-injection layer material is coated in a pattern on the display pixels 42 
and the dummy pixels 46, as shown in FIG. 7B. While the composite ink 30 of the hole- 
injection layer material is coated on the transparent electrodes 27 in the effectively 
optical areaA, the composite ink 30 of the hole-injection layer material is coated on the 
circuit element portion 26’ in the dummy area B. 

[0081] Consequently, the solvent is removed under the same conditions as in 
the first embodiment. Then, a hole-injection layer 31 is formed, as shown in FIG. 7C, by 
heat treatment under the same conditions as in the first embodiment. The hole-injection 
layer 3 1 having a uniform thickness can thus be manufactured in the effectively optical 
area A. 

[0082] In the next process, a composite ink 32 for a red luminous layer, a 
composite ink 33 for a green luminous layer, and a composite ink 34 for a blue luminous 
layer are prepared and each of the composite inks 32, 33, and 34 is coated in a pattern by 
ejecting from an ink-jet, as shown in FIG. 1C. In this coating process, another 21 rows 
of ejection at the same pitch in both lateral and longitudinal directions in the dummy 
area B is preferably performed. 

[0083] Then, luminous layers 35, 36, and 37 are formed by heat treatment at 
80°C on a hot plate in nitrogen gas for 5 minutes. The luminous layers 35, 36, and 37 
having a uniform thickness can thus be formed in the effectively optical area A. 

[0084] After forming the luminous layers, a LiF layer 2 nm thick, a Ca layer 20 
nm thick, and an A1 layer 200 nm thick are respectively laminated by a heated vapor 
deposition in a vacuum so as to form a cathode 38, and finally, a layer of epoxy resin 39 
is formed to provide sealing, as shown in FIG. 7D. 

[0085] An organic EL device without uneven luminance and uneven 
chrominance in the effectively optical area A can thus be manufactured. 

[0086] The dummy pixels 46 include the transparent electrodes 27 and the 
SiC >2 banks 28 and the polyimide banks 29 which divide the transparent electrodes 27. 
Since the dummy pixels 46 are formed similarly to the display pixels 42, except that the 
TFTs are not included, the composite ink 30 of the hole-injection layer material coated 
on the dummy pixels 46 can be dried under the same conditions as for the display pixels 
42. Thus, the hole-injection layer 31 having a uniform thickness can be manufactured in 
the effectively optical area A and an organic EL device without uneven luminance and 
uneven chrominance in the area for the display pixels can be obtained. 
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Sixth Embodiment 

[0087] Fig. 8A is a schematic of a part of the area for the display pixels and the 
area for the dummy pixels used in the sixth embodiment. Fig. 8A is a plan view of a 
substrate and TFT elements are not shown in this view. Circular pixels 50 having 
diameters of 60 pm are disposed at a pitch of 80 pm in a lateral (X) direction and at a 
pitch of 240 pm in a longitudinal (Y) direction, in a longitudinal direction, dummy bank 
pixels 5 1 are disposed between the display pixels at a pitch of 80 pm. Another 30 rows 
of dummy pixels 52 having the same shape as the display pixels are disposed all around 
the effectively optical area at a pitch of 80 pm. The display pixels in the sixth 
embodiment are defined by laminated banks including SiC >2 banks 53 and polyimide 
banks 54 as in the above embodiments and have similar sectional structure as in the first 
and the second embodiment except for the diameter of the pixels and the disposing pitch. 

[0088] Composite ink 55 for a hole-injection layer as in the first embodiment is 
coated in a pattern on the display pixels 50 and the dummy pixels 5 1 and 52 at a pitch of 
80 pm, as shown in FIG. 8B. After forming the hole-injection layer as in the first 
embodiment, a luminous layer is formed by depositing three kinds of composites 56, 57, 
and 58 for the luminous layer as in the first embodiment at a pitch of 80 pm in a 
longitudinal direction and a pitch of 240 pm in a lateral direction and by drying them. 
The composite inks for the luminous layer are deposited in a pattern, as shown in FIG. 

8C. Upon completion of further steps of cathode forming and sealing, the organic EL 
device shows neither uneven luminance nor uneven chrominance in the effectively 
optical area. 

Seventh Embodiment 

[0089] Fig. 9A is a schematic of a part of the effectively optical area and the 
dummy area used in the seventh embodiment. Fig. 9A is a plan view of a substrate, and 
TFT elements are not shown in this view. Rectangular pixels 60 which are 50 pm wide 
and 200 pm long (and having rounded comers) are disposed at a pitch of 80 pm in a 
lateral (X) direction and at a pitch of 290 pm in a longitudinal (Y) direction. The gap 
between the pixels in a lateral direction is 30 pm and the gap between the pixels in a 
longitudinal direction is 90 pm. Another 30 rows of dummy pixels 61 having the same 
shape as the display pixels are disposed all around the areas for the display pixels 60 at a 
pitch of 80 pm and a pitch of 290 pm in respective directions. The display pixels 60 are 
defined by laminated banks including SiC >2 banks 62 and polyimide banks 63 as in the 
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above embodiments and have similar sectional structure as in the first and the second 
embodiment, except for the size of the pixels and the disposing pitch. 

[0090] Composite ink 64 for a hole-injection layer as in the first embodiment is 
coated in a pattern on the display pixels 60 and the dummy pixels 61, and the composite 
64 is further coated in a pattern on the middle areas between the pixels viewed in a 
longitudinal direction, as shown in FIG. 9B. Upon completion after drying, the hole- 
injection layer in the pixels exhibits a uniform thickness. If the composite 64 is not 
coated on the middle areas between the pixels viewed in a longitudinal direction, the 
thickness of the hole-injection layer would become undesirably thick at both ends of the 
pixels viewed in a longitudinal direction. 

[0091] After forming the hole-injection layer, a luminous layer is formed by 
depositing three kinds of composites 65, 66, and 67 for the luminous layer as in the first 
embodiment at a pitch of 240 pm in a longitudinal direction and a pitch of 290 pm in a 
lateral direction. Then composite inks 65, 66, and 67 for the luminous layer are further 
coated in a pattern on the middle areas between the pixels viewed in a longitudinal 
direction, as shown in FIG. 9C, as for the hole-injection layer. After drying, the 
luminous layer exhibits a uniform thickness within the pixels and among a plurality of 
pixels. Upon completion through further steps of cathode forming and sealing, the 
organic EL device shows neither uneven luminance nor uneven chrominance in the area 
for the display pixels. 

Eighth Embodiment 

[0092] FIG. 1 0 A is a plan view of the substrate used in the eighth embodiment. 
FIG 1 0B is a partial cross-sectional view taken along plane M-M’ in FIG. 10A. As 
shown in FIGS. 10A and 10B, the substrate 101, on which a hole-injection layer and a 
luminous layer have not been formed, includes a circuit element portion 1 03 formed on a 
glass substrate 102 and a luminous element portion 104 formed on the circuit element 
portion 103. The luminous element portion 104 includes display pixels and dummy 
pixels, each of which will be further explained below, and is defined by an effectively 
optical area A including the display pixels and a dummy area B including dummy pixels 
and disposed around the effectively optical area A. 

[0093] The circuit element portion 103 includes a plurality of TFT elements 
105 formed on the glass substrate 102 and first and second insulating membranes 106 
and 107 covering the TFT elements 105. The TFT elements 105 are disposed in a 
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matrix, to each of which a transparent electrode 108 made of ITO is connected. The 
transparent electrodes 108 are formed on the second insulating membrane 107 at the 
positions corresponding to the TFT elements 105 to be connected. The transparent 
electrodes 108 may be formed in the shape of a circle, a rectangle, or a rectangle having 
rounded comers, in a plan view. 

[0094] The TFT elements 105 and the transparent electrode 108 are formed 
only in the area corresponding to the effectively optical area A in the luminous element 
portion 104. 

[0095] SiC >2 banks 109 and polyimide banks 110 are laminated in the 
effectively optical area A in the luminous element portion 104. The SiC >2 banks 109 and 
the polyimide banks 110 are disposed between the transparent electrode 108 whereby 
apertures 111 surrounding the transparent electrode 108 are formed. 

[0096] In the dummy area B, the luminous element portion 1 04 includes a SiC >2 
membrane 109’ formed on the second insulating membrane 107 and polyimide banks 
110’ formed on the SiC >2 membrane 109’. The polyimide banks 110’ in the dummy area 
B define dummy pixels 111’ having substantially the same shape as that of the display 
pixels in the effectively optical area A. 

[0097] With regard to the quantity of the dummy pixels 111’ formed in the 
dummy area B, ten or more dummy pixel sets, each of which includes three kinds of 
dummy pixels, i.e., a red, a green, and a blue dummy pixel, are preferably disposed in an 
area of width X’ along the direction X shown in FIG. 10A. In an area of width Y’ along 
the direction Y shown in FIG. 1 0A, ten or more of dummy pixel rows, each of which 
includes a number of dummy pixels, i.e., a number of red, green, and blue dummy 
pixels, are preferably disposed. More preferably, the dummy pixels are disposed so as to 
equalize width X’ with width Y’. By this disposition, the drying condition for the 
composite ink in the pixels near the border of the dummy area B can be made 
substantially the same as in the pixels in the middle of the effectively optical area A. In 
order to make width X’ equal to width Y’, thirty rows of dummy pixels corresponding to 
rows of ten dummy pixel sets, each of which includes three kinds of dummy pixels, i.e., 
a red, a green, and a blue dummy pixel, may be formed parallel to the Y direction in the 
area of width X’, and ten rows of dummy pixels may be formed parallel to the X 
direction in the area of width Y’, provided, for example, all the pixels, including both 
display pixels and dummy pixels, are disposed at a pitch of 70.5 pm in the X direction 




and at a pitch of 21 1 .5 pm in the Y direction. In this arrangement, width X’ and width Y’ 
are substantially equalized because the pitch in the Y direction is three times that in the 
X direction. Although the number of the dummy pixels is not limited, as in the above 
example, a large number of dummy pixels 111’ is not preferable because they may create 
too wide a peripheral region not relating to display, and consequently unnecessarily 
enlarge the display module. 

[0098] The polyimide banks 110 and 1 10’ are made to be ink-repelling by 
applying atmospheric pressure plasma treatment to the substrate 1 0 1 , as in the first 
embodiment, and then composite ink including a hole-injection layer material is ejected 
in a pattern from an ink-jet head onto the display pixels 111 and the dummy pixels 111’. 
The composite ink of a hole-injection layer material is deposited on the transparent 
electrode 108 in the display pixels 111 and is deposited on the SiC >2 membrane 109’ in 
the dummy pixels 111’. 

[0099] A preferred process to eject the composite ink including a hole-injection 
layer material from an ink-jet head includes, for example: providing an ink-jet head 
having nozzles in an array whose length is substantially the same as the width of the 
luminous element portion 104 along a lateral direction (X direction in FIG. 10A); and 
ejecting the composite ink while moving the ink-jet head from the bottom in FIG. 10A in 
the direction of the arrow Y above the substrate 101 . In this process, the ejection of the 
composite ink preferably starts in the dummy area B at the bottom of FIG 10A, proceeds 
through the effectively optical area A, and ends in the dummy area B at the top of FIG. 
10A, i.e., the ejection of the composite ink starts and ends in the dummy area B. The 
composite ink in the effectively optical area A dries uniformly because the ejection 
started in the dummy area B before ejection in the effectively optical area A. 

[0100] Consequently, the solvent is removed under the same condition as in the 
first embodiment, and then a hole-injection layer 13 1 is formed, as shown in FIG. 1 1 A, 
by heat treatment under the same conditions as in the first embodiment. 

[0101] The dummy pixels 1 1 1’ are provided around the effectively optical area 
A, to which the steps of ejecting the composite ink and drying as for the display pixels 
111 are also applied. Therefore, the drying condition for the display pixels near the 
border of the dummy area B can be made substantially the same as for the display pixels 
in the middle of the effectively optical area A, whereby hole-injection layers 131 of a 
uniform thickness can be provided even for the display pixels near the border of the 
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dummy area B. The hole-injection layers 131 having a uniform thickness can thus be 
manufactured in the entire effectively optical area A. 

[0102] In the next process, as in the first embodiment, a composite ink for a 
red luminous layer, a composite ink for a green luminous layer, and a composite ink for 
a blue luminous layer are ejected from an ink-head and are deposited on both the display 
pixels 111 and the dummy pixels 1 1 1 ’ in a pattern, and then luminous layers 135, 136, 
and 1 37 are formed by heat treatment at 80°C on a hot plate in nitrogen gas for 5 
minutes. The luminous layers 135, 136, and 137 having a uniform thickness can thus be 
formed in the effectively optical area A, like the hole-injection layers 131. 

[0103] In this process of forming the luminous layers, the composite ink 
including luminous materials is ejected while moving the ink-jet head from the bottom 
in FIG. 10A in the direction of the arrow Y above the substrate 101, as in the process of 
forming the hole-injection layer, and the ejection of the composite ink preferably starts 
in the dummy area B at the bottom of FIG. 1 0A, proceeds through the effectively optical 
area A, and ends in the dummy area B at the top of FIG. 10A, i.e., the ejection of the 
composite ink starts and ends in the dummy area B. The composite ink including 
luminous materials dries uniformly over the entirety of the effectively optical area A. 

[0104] After forming the luminous layers, a LiF layer 2 nm thick, a Ca layer 20 
nm thick, and an A1 layer 200 nm thick are respectively laminated by heated vapor 
deposition in a vacuum so as to form a cathode 138, and finally, a layer of epoxy resin 
139 is formed to provide sealing, as shown in FIG. 11B. 

[0105] An organic EL device without uneven luminance and uneven 
chrominance in the effectively optical area A can thus be manufactured. 

Ninth Embodiment 

[0106] FIG 12 is a plan view of the substrate used in the ninth embodiment. 

As shown in FIG. 12, the substrate 201 mainly includes a circuit element portion (not 
shown) formed on a glass substrate 202, and a plurality of luminous element portions 
204 formed on the circuit element portion. The substrate 201 shown in FIG. 12 includes 
16 luminous element portions 204 disposed in a 4-by-4 matrix. Each of the luminous 
element portions 204 is provided with display pixels and dummy pixels (not shown) as 
in the eighth embodiment, and is defined by an effectively optical area A including the 
display pixels and a dummy area B including dummy pixels and disposed around the 
effectively optical area A. 




[0107] The structure of the display pixels in the effectively optical area A and 
of the dummy pixels in the dummy area B are respectively the same as that of the 
display pixels 1 1 1 and the dummy pixels 111’ described in the eighth embodiment. 
Similarly, the structure of the circuit element portion (not shown) is the same as that of 
the circuit element portion 103 in the eighth embodiment. 

[0108] A group C of effectively optical areas including a plurality of 
effectively optical areas A is thus formed on the substrate 201 . 

[0109] The substrate 201 will finally be cut along the dashed lines shown in 
FIG. 12, and the parts will be separated from each other so as to form 16 small 
substrates. By using this method, a plurality of organic EL devices can be manufactured 
from one substrate at one time. 

[0110] On the substrate 201, another dummy area D is provided around the 
group C of effectively optical areas. 

[0111] With regard to the quantity of the dummy pixels provided in the dummy 
area D, ten or more dummy pixel sets, each of which includes three kinds of dummy 
pixels, i.e., a red, a green, and a blue dummy pixel, are preferably disposed in an area of 
width X’ along the direction X shown in FIG. 12. In an area of width Y’ along the 
direction Y shown in FIG. 12, ten or more dummy pixel rows, each of which consists of 
a number of dummy pixels, i.e., a number of red, green, and blue dummy pixels, are 
preferably disposed. 

[0112] Polyimide banks formed on the substrate 201 is made to be ink- 
repelling as in the eighth embodiment. Then, composite ink including a hole-injection 
layer material is ejected in a pattern from an ink-jet head onto the display pixels and the 
dummy pixels. 

[0113] A preferred process to eject the composite ink including a hole-injection 
layer material from an ink-jet head includes, for example: providing an ink-jet head 
having nozzles in an array whose length is substantially the same as the width of a single 
luminous element portion 204 along a lateral direction (X direction in FIG. 12); and 
ejecting the composite ink while moving the ink-jet head from the bottom in FIG. 12 in 
the direction of the arrow Y to the top. The width of the ink-jet head is not limited as in 
this example, and it may also be chosen so as to be a multiple of the width of a single 
luminous element portion 204. 
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[0114] In this process, the traced path of the ink-jet head H may be as shown in 
FIG. 13A in which the ink-jet head H moves upwardly in view of FIG 13 A, moves 
diagonally and downwardly in an idling state, and moves upwardly again, or may be as 
shown in FIG. 1 3B in which the ink-jet head H moves upwardly in view of FIG. 1 3B, 
moves laterally in an idling state, and moves downwardly. 

[0115] In both of the above ways, the composite ink is sequentially ejected 
onto the dummy areas D and B, the effectively optical area A, the dummy areas B and D, 
the dummy areas D and B, the effectively optical area A,. . ., and the dummy areas B and 
D, i.e., the ejection of the composite ink starts and ends in the dummy area D. 

[0116] Alternatively, the process may include, as in the eighth embodiment: 
providing an ink-jet head having nozzles in an array whose length is substantially the 
same as the width of the group C of effectively optical areas along a lateral direction (X 
direction in FIG. 12); and ejecting the composite ink while moving the ink-jet head from 
the bottom in FIG. 12 in the direction of the arrow Y to the top above the luminous 
element portions 204. In this case, the composite ink is sequentially ejected onto the 
dummy areas D and B, the effectively optical area A, the dummy areas B and D, i.e., the 
ejection of the composite ink starts and ends in the dummy area D. 

[0117] In all of the cases described above, the composite ink in the effectively 
optical area A dries uniformly because the ejection started in the area D for the dummy 
pixels before ejection in the effectively optical area A. 

[0118] In the cases shown in FIGS. 13A and 13B in which the ink-jet head 
traces a reciprocating path, the ejection of the composite ink in the effectively optical 
area A is fairly stable, even if the state of the ink contained in the ink-jet head changes 
during an idling travel, because the ejection has started in the area D for the dummy 
pixels before ejecting onto the effectively optical area A, and the composite ink is always 
ejected onto the area D for the dummy pixels after idling of the ink-jet head. 

[0119] Consequently, the solvent of the composite ink of a hole-injection layer 
material is removed and a hole-injection layer 13 1 is formed by heat treatment, under the 
same conditions as in the first embodiment. 

[0120] The dummy pixels included in the dummy area B are provided around 
the effectively optical area A and these dummy pixels are further surrounded by other 
dummy pixels included in the dummy area D. Therefore, the drying condition for the 
display pixels near the border of the dummy area B can be made substantially the same 
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as for the display pixels in the middle of the effectively optical area A, whereby hole- 
injection layers of a uniform thickness can be provided in the entirety of the effectively 
optical area A even for the display pixels near the border of the dummy area B. 

[0121] The hole-injection layers having a uniform thickness can thus be 
manufactured, even in a case in which a number of display devices are manufactured 
from a single substrate because the dummy area D is provided around the group C of the 
effectively optical areas. 

[0122] In the next process, as in the first embodiment, a composite ink for a 
red luminous layer, a composite ink for a green luminous layer, and a composite ink for 
a blue luminous layer are ejected from an ink-jet head and are deposited in both the 
effectively optical area and the dummy area in a pattern, and then the red, green, and 
blue luminous layers are formed by heat treatment. The luminous layers having a 
uniform thickness can thus be formed in the effectively optical area A, like the hole- 
injection layers. 

[0123] In this process of forming the luminous layers, the composite ink is 
preferably ejected while moving the ink-jet head as shown in FIG. 13A or 13B, as in the 
process of forming the hole-injection layer, and the ejection of the composite ink 
preferably starts and ends in the dummy area D, whereby, the composite ink dries 
uniformly over the entirety of the effectively optical area A. 

[0124] After forming the luminous layers, a LiF layer 2 nm thick, a Ca layer 20 
nm thick, and an A1 layer 200 nm thick are respectively laminated by heated vapor 
deposition in a vacuum so as to form a cathode, and finally, a layer of epoxy resin is 
formed to provide sealing. 

[0125] An organic EL device without uneven luminance and uneven 
chrominance in the effectively optical area A can thus be manufactured. 

[0126] Although a high molecular material is used for the organic EL layer in 
the foregoing embodiments, a low molecular material may be used instead. The organic 
EL layer is preferably formed by a vapor deposition method using a mask 7 1, as shown 
in FIG. 14, when a low molecular material is used therefor. An organic EL device 
according to the present invention can be manufactured by using a mask having a set of 
apertures corresponding to an effectively optical area E and another set of apertures 
corresponding to an area other than the effectively optical area E, i.e., a dummy area F. 
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Uniform organic EL layers can be formed in the entirety of the effectively optical area 
by also providing the dummy area in the vapor deposition method. 

Tenth Embodiment 

[0127] Examples of electronic devices including an organic EL device 
manufactured by using a method according to any one of the first to ninth embodiments 
described above will be explained below. 

[0128] FIG. 1 5 A is a perspective view of an example of a portable telephone. 

In FIG. 1 5 A, reference numeral 600 indicates a body of the portable telephone, and 
reference numeral 601 indicates a display portion including any one of the organic EL 
devices described above. 

[0129] FIG. 15B is a perspective view of an example of a portable information 
processor, such as a word processor and a personal computer. In FIG. 15B, reference 
numeral 700 indicates an information processor, reference numeral 701 indicates an 
input device, such as a keyboard, reference numeral 703 indicates a body of the 
information processor, and reference numeral 702 indicates a display portion including 
any one of the organic EL devices described above. 

[0130] FIG. 15C is a perspective view of an example of a watch. In FIG. 15C, 
reference numeral 800 indicates a body of the watch, and reference numeral 801 
indicates a display portion including any one of the organic EL devices described above. 

[0131] Each of the electronic devices shown in FIGS. 15Ato 15C includes a 
display portion including any one of the organic EL devices described above, and 
consequently has the same advantages as that of the organic EL device manufactured 
using a method according to any one of the first to ninth embodiments described above. 
Therefore, these electronic devices will exhibit excellent display performance. 

[0132] As described above, in a method for manufacturing an organic EL 
device using an ink-jet method to eject and coating an organic EL material on a substrate 
to form an organic EL layer, a dummy coating area is provided around an area for 
display pixels, and ink droplets are disposed at a constant pitch in the area for display 
pixels, according to the present invention. The organic EL material solution coated on 
the effectively optical area dries uniformly and a uniform display device without uneven 
luminance and uneven chrominance within a pixel or among a plurality of pixels in the 
effectively optical area can be obtained. 




